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Abstract 
As a consequence of the increase in life expectancy, the healthcare needs faced by the older generation are growing. As 
such, new applications using emerging technologies are needed to contribute for their safety and well-being. This paper 
presents a low cost GPS tracking system focused on Alzheimer patients which relies in a mobile device with GPS 
functionality allowing to track and locate patients in near real-time. As our focus is Alzheimer, specific preventive 
functionalities were taken into account such as flexibility for the caregivers or healthcare professionals to configure alerts. 
Since current solutions have considerable costs associated, we present a long-term comparative cost analysis between 
existent solutions and our proposal. 
 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
CENTERIS/HCIST. 
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1. Introduction 
Concerns about the safety and well-being of elderly are constantly increasing. We currently assist, all over 
the world, to a growing number of elderly and questions on how to take good care of them start to arise as 
their sons and daughters generation seem to lack the time needed to provide their parents with a good 
accompaniment. In this context, and to reinforce this idea, Dara-Abrams [1] refers to the field of 
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Gerontechnology, developed in the late 1980s, that combines gerontology with new technologies to help 
elderly. Those technologies are present in several domains, as stated in [2], such as health and self-esteem, 
housing and daily living, mobility and transport, communication and governance, work and leisure. As the 
need to help elderly increases, we should be aware of how we can assist them. Graafmans and Taipale [3] 
defined the  Gerontechnology's    Five Ways, that defines   five  key  approaches  to  assist elderly  in their 
lives namely through prevention,   enhancement,   compensation,   care,   and research. For each of these Five 
Ways, Dara-Abrams defined some tasks and applications. For instance, for prevention, she defines tasks such 
as monitor, intervene or teach health habits. As applications, she mentions falls prevention, nutrition or 
strength training. In this paper, and from now on, we will focus on prevention, namely on tracking of elderly 
and Alzheimer patients. Although this task could be of use to all elderly, we believe those with some kind 
illness or dementia need more assistance. Therefore, we decided to focus our study on the tracking of elderly 
with the Alzheimer Disease. The Alzheimer Disease is the most common type of dementia, which is caused 
by various diseases and conditions that result in damaged brain cells or connections between brain cells [4]. 
As stated by the authors in [5], dementia becomes a serious issue when patients start to wander. Although first 
identified more than 100 years ago, only in the last 30 years research on symptoms, causes and treatment had 
gained momentum. Currently, the Alzheimer Association estimates 5.4 million Americans of all ages have 
Alzheimer diseases in 2011 [4]. Mostly driven by memory loss and confusion with time or places, and in 
order to act upon them, this paper presents a low cost GPS tracking system specifically oriented for Alzheimer 
patients, with great flexibility regarding configurations and with a low cost investment. 
 
The rest of this paper is organized as follows: in the next section we present a literature review of existent 
generic and Alzheimer specific tracking and monitoring systems. Section 3 introduces our proposal, starting 
with a general overview and followed by the explanation of the main components of the architecture. Before 
future work, we make a comparative cost analysis of a long-term usage of existent tracking solutions as well 
as ours. 
2. Literature review 
When researching about tracking and monitoring tools for elderly, several types of application domains are 
found. One of those domains is home monitoring where the main purpose is to guarantee the safety of elderly 
in the time they are alone at their houses [6] [7] [8] [9]  [10]. Other proposals are specific to a given part of 
the house such as the bedroom [11]  or the bathroom  [12]. Other applications focus on monitoring the health 
condition of elderly such as in [13] [14] [15] [16]. As we discussed in the Introduction section, one of the 
main conditions of the Alzheimer disease is confusion and loosing notion of time or place. Therefore, we 
focus on monitoring people outside their houses as dangerous situations can occur if they forget where they 
are or how much time has passed since they left their houses. Some proposals exist on wandering people, 
either using GPS [17] or RFID technology [18] [19]. 
Deborah Altus and her colleagues presented in 2000 an outdoor monitoring system that relies on a 
transmitter worn by the Alzheimer patient and a portable receiver used to search for the patient [20]. They 
developed the Mobile Locater, which aims at providing caregivers with a tool to locate a lost person. The 
authors conducted a 6-month pilot study involving users, healthcare professionals and caregivers. They 
concluded to be a great acceptance on the use of the device that proved to be effective and helpful to 
caregivers as they could have some piece of mind regarding the Alzheimer patient whereabouts. The high cost 
was pointed out as a potential drawback. 
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Another outdoor system for the same purposes is ComfortZone (www.alz.org/comfortzone), presented by 
the Alzheimer Association. This system relies on a GPS device that sends location position to the Comfort 
Zone Web application, which can be accessed by caregivers. The monitoring level can be configured, for 
instance to determine the type of alerts receives. Like with Mobile Locater, ComfortZone has a cost. The 
monthly plan chosen determines the frequency that the application communicates with the device to register a 
location. There are currently two monthly plans: frequency of 15 minutes or frequency of 30 minutes. This 
can be looked at as another drawback of ComfortZone, other than the cost itself, as it might be important to 
have shorter monitoring time frames. Additionally, not much flexibility in the system configuration is 
provided. 
Other generic outdoor monitoring systems exist such as 3DTracking (http://3dtracking.com.pt/), GpsGate 
Server (http://gpsgate.com/), GPS-Trace Orange (http://gps-trace.com/) or OpenGTS 
(http://www.opengts.org/). 
3. Our proposal for a low cost GPS tracking 
In this section we present our proposal of a tracking system thought for Alzheimer patients, which intends 
to provide this functionality with minimum costs for their users (patient and/or caregiver). We start by 
providing a general overview of the system, followed by the presentation of the architecture where we detail 
each of the main components. 
 
3.1. General overview 
Considering the information we gathered from the literature review, we believe it's important to provide a 
low cost tracking solution focused on Alzheimer and that uses recent technology. Analyzing existent solutions 
such as Mobile Locater by Deborah Altus, we think the devices and architecture (a transmitter worn by the 
Alzheimer patient and a portable receiver used to search for the patient) can be improved. On another hand, 
ComfortZone uses a mobile device and a Web Platform as main components of the system's architecture. 
However, the solution entails considerable costs and provides few configuration parameters. 
Having in mind the proliferation of the use of mobile equipment’s, we defined as a solo requirement for 
our system the possession of a mobile device. The choice for this equipment was based on its GPS 
functionality, its low cost and also on the possibility to develop an application that can easily provide the 
ability to configure the system's usage. By carrying a mobile device, the Alzheimer patient has a way to be 
monitored as its position is acquired through GPS satellites and sent to a Web based application. Caregivers or 
healthcare professionals can then access the Web based application, anywhere and anytime, to know where 
the patient is at the current moment or to check past locations. An interesting aspect regarding the acceptance 
of these solutions was reported in [21] where results of interviews conducted to people aged 65+ and family 
showed that resistance on using technology is more likely to appear on the family and not on the patient. This 
is important as the patient's resistance on carrying the mobile device could compromise the entire system. 
Privacy issues are taken into account as the identities of the patients are only available to legally authorized 
people. Privacy is, in fact, one of the four aspects defined in the Ethical Framework presented in [5], along 
with accuracy, property and accessibility aspects. 
When a new patient has to be monitored, the following actions should be performed in the system: insert 
the patient information, define which caregivers and healthcare professionals can monitor the new patient, 
create alerts and define specific safe points which are locations where monitored patients are safe or can find 
some type of help. Beside safe points, our proposal also bears the notion of generic safe points which are 
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those that can be of use to every monitored patient such as the Hospital or any other health facility. Specific 
safe points are, as the name indicates, specific to each monitored patient and one example might be the 
workplace of a caregiver. To each safe point we associate a perimeter, a responsible and a frequency to send 
coordinates. This flexibility allows us to have safe areas with different monitoring levels. 
Regarding the alerts, they represent the preventive component of the system and functionality specifically 
oriented to Alzheimer patients. We defined two measures for the alerts to be fired: time and position. A 
position alert is used to monitor patients that shouldn't go beyond a specific perimeter. For instance, the 
Alzheimer patient might know the surroundings of his house and for that reason it's safe for him to walk in 
that position. But if he goes to far he will enter an unknown area and the risk for him to get lost increases. In 
this situation, a position alert can be defined so the caregiver or the healthcare professional is warned. 
Exception can be made (through configuration parameters) if the patient leaves a safe area but enters another 
one (because, for example, he's close to the daughter's workplace and it's ok for the caregivers to allow this 
situation). In this case, if the responsible of the new area the monitored entered is different from the area he 
left, the new responsible can be notified by SMS. 
Time alerts are used when a caregiver or healthcare professional wants to know if the monitored patient 
left a safe area more than x minutes ago. For instance, if an Alzheimer patient usually goes for a walk that 
approximately takes 20 minutes, the caregiver can define an alert that fires if more than 30 minutes go by and 
the monitored patient didn't yet return to the safe area. 
In the next subsection we explain, with more detail, the architecture of our proposal. 
 
3.2. Architecture 
In this section, we present the architecture of our system, illustrated in Figure 2, mainly composed by: 
x the actors, which are the Alzheimer patient and their caregivers and/or healthcare professionals; 
x a web server where the Web Platform is hosted, namely the Back-Office and Front-Office; 
x a web service invoked by the mobile application to send location data; 
x an mobile application that sends coordinates information; 
x the database that keeps configurations and locations. 
 
 
Regarding the patient, his intervention is inexistent as the work is all done automatically by the device he 
carries. The device uses Global Position System to calculate the patient's current location and sends it to the 
server using a Web Service. Configurations are received by the mobile device from the server. The rest of the 
actors -- caregivers and healthcare professionals -- interact with the system either by making configurations to 
the system or by receiving reports/notifications. The web and data server are responsible for hosting all 
system data, the web application and necessary web services. 
3.2.1 The actors 
The system has two types of actors: the Alzheimer patient and the caregivers and/or healthcare 
professionals. Regarding the Alzheimer patient, his role is almost inexistent as the only thing that needs to 
happen is for him to be always in the possession of the mobile device. The system does not require any type 
of intervention from him. The caregivers or healthcare professionals are the ones who configure the 
monitoring process. Each one can monitor the Alzheimer patient in a different way.  
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Figure 1. Architecture of the low cost GPS tracking solution showing the Actors, Web 
 
For instance, the healthcare professional can be interested in monitor the patient based on time whereas the 
caregiver might be more interested in monitoring based on position. Plus, they need to configure safe points, 
perimeters, responsible and frequency of monitoring. 
The following subsection introduces the Back-Office where the configuration functionalities will be 
explained with greater detail. 
 
3.2.2 The Web Platform - Back-Office 
The Back-Office allows the administrator, the caregivers or the healthcare professionals to configure a new 
patient to be monitored as well as how he/she will be monitored. All the previously mentioned users have 
access to the Back-Office, but with different privileges. For this purpose, we defined a generic model with 
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operations, permissions, groups and users that allows us plenty of flexibility on the privileges each user has. 
The administrator should start by defining the operations that can be performed in the system such as create 
user, list user, monitor patient, create safe point, etc. To each operation, a permission should be associated. 
Then groups should be created, keeping in mind that groups are a set of people with different privileges. Next, 
each group should be assigned with the desired permissions. Finally, each user is placed in a given group 
depending on the privileges we want him to have. Beside the profile management functionalities described 
above, the Back-Office also provides the basic functionalities of create user, list user, create monitored patient 
and list monitored patients. 
Regarding the generic and specific safe points, their creation is made directly on a map. Alerts then act 
upon safe points either based on time or position. The information send through SMS or email is configurable. 
Currently, the options provided are: 1) current location; 2) distance from home; 3) distance to specific safe 
points and 4) distance to general safe points. Below we present two examples of messages. The first shows 
only the current location and the distance from home whereas the second shows all the information. Typically, 
a caregiver or healthcare professional would configure detailed information to be sent by email and shorter 
information through SMS so the costs are lower. 
3.2.3 The Web Platform - Front-Office 
The main purpose of the Front-Office is to allow caregivers or healthcare professionals to monitor 
Alzheimer patients. The interface shows specific safe points associated to the monitored patient, general safe 
points as well as the location of the patient. Restrictions over time are provided so it becomes easier to 
analyze where the monitored patient has been. 
3.2.4 The Web Service 
The web service has a simple functionality so it becomes possible to send the current coordinates to the 
server. The service is developed in PHP and basically receives two strings: one referring to the latitude and 
another to the longitude. 
The network traffic associated to the invocation of this service is the only cost of the solution. Hence the 
Alzheimer patient must have a mobile device plan that covers for a data service. 
As we believe it is important to exist a cheaper alternative to systems such as ComfortZone, that assumes 
itself as the leader in the Alzheimer field, we present later in this paper a section that provides a comparative 
analysis of the costs over time of the usage of both  ComfortZone and our proposal. 
 
3.2.5 Mobile Application 
The mobile application has a background service that sends GPS coordinates and local time to the Web 
Platform. In order to do that, the mobile application needs to know at all times if the current location belongs 
to a safe area and which is the monitoring frequency of that area so it can decide on whether to send the 
coordinates to the server. For this purpose, the mobile application needs to have current information regarding 
the safe points and their configuration.  These operating principles are illustrated in the right side of Figure 2. 
On the left side of the same Figure, the mobile architecture is presented. The most relevant components are 
the Communication Manager, the Configuration Manager and the GPS Driver. The Communication Manager 
is responsible for performing all type of communications either by using SMS, Wifi, or GPRS. The 
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Configuration Manager is responsible for processing the configuration file received from the server. Finally, 
the GPS driver is responsible for every work related to location finding. 
 
 
Figure 2. Architecture and operating principles of the mobile application 
 
4. Cost analysis 
ComfortZone provides two mobile devices, each with an acquisition price. Also, monitored people must 
adhere to a plan and two are defined: 15 minutes interval for localization update or 30 minutes. Each of these 
plans has an initial fee and a monthly fee. Table 1 shows prices related to ComfortZone equipments. 
 





Initial fee 15 mns. Monthly fee 30 mns. Monthly fee 
PCD 8110 151,73€ 34,31€ 49,55€ 38,12€  
Sendum PT200 Tracker 227,98€ 34,31€ 34,3€ 30,49€  
 
We then chose three different android mobile devices with GPS functionality from different network 
operators, so we could compare monthly costs. Considering each web service invocation uses 16 bytes, we 
would need a 100MB network traffic plan to have localization updates til a 7 minutes interval. If more regular 
updates are needed (for instance, from every 2.5 minutes), a 300MB network traffic would be needed. Table 2 
shows this analysis. 
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Table 2. Our proposal price analysis (in euro) 
 
 
We went a little further and calculate costs for the first two years of usage of the several options. The 
results are presented in Figure 3 which shows the low costs of our solution and demonstrates it is possible to 




Figure 3. Long-term cost analysis 
5. Conclusions and future work 
In this paper we presented a new proposal for a low cost GPS tracking system  that rely on a mobile device 
with GPS functionalities, which at this point is optimized for Alzheimer patients. We defined the architecture 
of the solution that is basically composed of five components: web server, web platform, web service for 
sending location, the supporting database and a mobile application.  As future steps, and regarding the 
prototype, we intend to add a component that allows caregivers to share their daily experiences so others can 
benefit and learn from them. We find this important as we only found informational sites that do not 
contemplate the experience sharing. To act upon this information and allow for a productive search, we aim to 
add a semantic search component that will introduce the power of the Semantic Web into the platform so 
users can refer to symptoms even not knowing their medical terms. Another future step is to evolve the 
platform having in mind the emergent concept of participatory sensing. In concrete, we believe it is important 





Initial fee 2,5 mns. Monthly fee 7 mns. Monthly fee 
Option 1 79,9€ 0€ 10,71€ 5,35€ 
Option 2 99,9€ 0€ 7,96€ 5,96€ 
Option 3 139,9€ 0€ 10,7€ 5,35€ 
801 Sara Paiva and Carlos Abreu /  Procedia Technology  5 ( 2012 )  793 – 802 
be done in order to assist them and assure their well-being. Finally, we are preparing a test pilot with several 
users so we can get the necessary feedback to improve the system and also have some measures to evaluate it.   
Acknowledgements 
We would like to thank students Rui Peleja and Jorge Cunha for their help on the prototype development. 
References 
[1] B. Dara-Abrams, “Toward a Model for Collaborative Gerontechnology: Connecting Elders and Their Caregivers,” Sixth 
International Conference on Creating, Connecting and Collaborating through Computing (C5 2008), pp. 109-114, 2008. 
[2] J. L. Fozard, “Gerontechnology: Optimizing relationships between aging people and changing technology,” in Contemporary 
issues in gerontology: Promoting positive aging, I.C. Couls., Sydney, Australia: , 2005, pp. 241-268. 
[3] J. Graafmans and V. Taipale, “Gerontechnology. A sustainable investment in the future.,” Studies In Health Technology And 
Informatics, vol. 48, pp. 3-6, 1998. 
[4] A. Association, “2011 Alzheimer’s Disease Facts and Figures,” Alzheimer’s & Dementia, vol. 7, no. 2, 2011. 
[5] K. Michael and A. McNamee, “The emerging ethics of humancentric GPS tracking and monitoring,” in Mobile Business, 2006., 
2006, no. July, pp. 25-27. 
[6] Y. Jian, T. K. Kiong, and L. T. Heng, “Development of an e-Guardian for the single elderly or the chronically-ill patients,” in 
International Conference on Communications and Mobile Computing, 2010. 
[7] A. Gaddam, S. C. Mukhopadhyay, and G. S. Gupta, “Trial and Experimentation Of A Smart Home Monitoring System For 
Elderly,” in Instrumentation and Measurement Technology Conference (I2MTC), 2011 IEEE, 2011, pp. 1-6. 
[8] H. Yan, H. Huo, Y. Xu, and M. Gidlund, “Wireless sensor network based E-health system? Implementation and experimental 
results,” Consumer Electronics, IEEE Transactions on, vol. 56, no. 4, pp. 2288–2295, 2010. 
[9] C. Abreu, A. Teixeira, and J. Fonseca, “Speech Enabled Interface to Home Automation for Disabled or Elderly People,” DSAI 
2007 International conference for Software Development for Enhancing Accessibility and Fighting Infoexclusion, pp. 59-63, 
2007. 
[10] P. McCullagh, W. Carswell, and J. Augusto, “State of the art on night-time care of people with dementia,” in IET Conference 
on Assisted Living 2009, 2009, p. 6. 
[11] Y. Schikhof and I. Mulder, “Under watch and ward at night: design and evaluation of a remote monitoring system for dementia 
care,” HCI and Usability for Education and Work, vol. 5298, pp. 475–486, 2008. 
[12] J. Chen, A. Kam, J. Zhang, N. Liu, and L. Shue, “Bathroom activity monitoring based on sound,” Pervasive Computing, vol. 
3468, pp. 65–76, 2005. 
[13] J. Wtorek, A. Bujnowski, M. Lewandowska, J. Ruminski, A. Polinski, and M. Kaczmarek, “Evaluation of physiological and 
physical activity by means of a wireless multi-sensor,” Information Technology (ICIT), 2010 2nd International Conference on, 
pp. 239-242, 2010. 
802   Sara Paiva and Carlos Abreu /  Procedia Technology  5 ( 2012 )  793 – 802 
[14] H. A. Shamsi, S. Ahmed, and F. Redha, “Monitoring device for elders in UAE,” in Current Trends in Information Technology 
(CTIT), 2011 International Conference and Workshop on, 2011, pp. 32–36. 
[15] A. Arcelus, M. H. Jones, R. Goubran, and F. Knoefel, “Integration of smart home technologies in a health monitoring system 
for the elderly,” in Advanced Information Networking and Applications Workshops, 2007, AINAW’07. 21st International 
Conference on, 2007, vol. 2, pp. 820–825. 
[16] A. Wood et al., “ALARM-NET: Wireless sensor networks for assisted-living and residential monitoring,” Technical Report 
CS-2006-11, Department of Computer Science, University of Virginia, 2006. 
[17] N. Shoval et al., “The use of advanced tracking technologies for the analysis of mobility in Alzheimer’s disease and related 
cognitive diseases,” BMC Geriatrics, vol. 8, p. 7, 2008. 
[18] M. Miura, S. Ito, R. Takatsuka, and S. Kunifuji, “Aware group home enhanced by RFID technology,” in KnowledgeBased 
Intelligent Information and Engineering Systems, 2010, vol. 5178/2008, pp. 847–854. 
[19] K. Makimoto, Eun Ah Lee, Y. Kang, M. Yamakawa, N. Ashida, and Kyung Rim Shin, “Temporal patterns of movements in 
institutionalized elderly with dementia during 12 consecutive days of observation in Seoul, Korea.,” American journal of 
Alzheimers disease and other dementias, vol. 23, no. 2, pp. 200-206, 2008. 
[20] D. E. Altus, R. M. Mathews, P. K. Xaverius, K. K. Engelman, and B. A. D. Nolan, “Evaluating an electronic monitoring system 
for people who wander,” American Journal of Alzheimers Disease and Other Dementias, vol. 15, no. 2, pp. 121-125, 2000. 
[21] K. Wild, L. Boise, J. Lundell, and A. Foucek, “Unobtrusive in-home monitoring of cognitive and physical health: Reactions 
and perceptions of older adults,” Journal of Applied Gerontology, vol. 27, no. 2, pp. 181-200, 2008.  
 
